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D«scriptfort 

The present inveniicn relates to organic and peptkiQ chemistry as applied lo pharmaceutical research and devoJ- 
cpment. The invention provides novel peptide derivatives and eompositions that art useful for up-regulating hsulh 

s expression in mamn^ls and for treating diabetes. 

Endocrine secretions of pancreatic islets are regulated by complex control mechanisms driven not only by blood- 
borne metabolites such as glucose, amino acids, and catecholamines, but also by local paracrine influences. The major 
pancreatic islet hormones, glucagon, insulin and sonnatostatin. interact with specific pancreatic ceO types (A B, and 0 
ceils, respectively} to modulate the secreto^ response. Although InsuOn secretion is predominantly controlledby blood 

10 glucose levels, somatostatin inhibits gluccse-msdtated insulin secretion. In adcfition to interislet paracrine regulation 
of insulin secretion, there Is evidence to suppon the existence of insuSnotropic factors in tha intestine. This coneopt 
originates from obsenralions that glucose taken orally is a much mora potent stimulant of insulin aecretbn than is a 
comparable anvount of glucose given intravenously. 

The hun^an honrtone glucagon is a 29-amino acid hormone produced In pancreatic A-calI$. Tha hormone belongs 

IS to a multi-gene family of structurally related peptides thai include secretin, gastric inhibitory peptUa. vasoaethre intes- 
tinal peptide and glicentin. These peptides variously regulate carbohydrate metabolism, gastrointestinal mobility arx^ 
secretoiy processing. However, the principal recognized actions of pancreatic glucagon are to promote hepatfe gty* 
cogenoiysis and glyconeogsnesis, resulting in an elevation of blood sugar levels. In this regard, the actions of glucagon 
.are counter regulatory to those of insuOn and may contribute to the hyperglycemia that accompanies Diabetes meltitus 

» (Lund. P.K.. ef aL, Proc Nati. Acad. Set a5.A. 7g:345-349 (1982)}. 

When glucagon bindz to its receptor on insulin producing cells. cAMP production increases whicti in turn stimubites 
insulin expression (Komran, LY.. ataL, Diabetes»M:7^7'722 (1985)). Moreover, high levels of insulin ^%wn-regulate 
glucagon synthesis by a feedbacl^ inhibilion mechanism (Ganong. W.F.. Raviaw of Medical Phystotegy, Langa PubB- 
cations, Los Altos, California, p. 273 {1979}}. Thus, the expression of glucagon is carefuOy regulated by insulin, and 
ultimately by serum glucose levels. 

• Preproglucagon. the precursor form of glucagon, is encoded by a 380 base pair gena and is processed to form 
proglucagon (Lund, aiaL, Pmc f^ad Acad. Sd aS.A 72:345-349 (1982)}. PaUelt. ataL ^Ateto/ft 28^260>2S8 (i 979)} 
demonstrated that progiucagon is further processed into glucagon and a second peptide. Later experiments demon- 
strated that proglucagon is cleaved carboxyl to Lys-Arg or Arg-Arg residues (Lund. P.K.. ataL, Lopez LC. ataL, Proa 

30 NatL Acad. Set, US. A. 80:5485-5489 (1 983). and BeO, G.I.. ataL, Afaft//e 302:718-718 (1983)). BeO. G.I.. era£. also 
discovered that proglucagon contained three discrete and highly homologous peptide regions which were designated 
glucagon, glucagon-like peptide 1 (GLP-l). andglucagon-{ikepepUde2(6LP-2}. Lopez. efaZ, demonstrated that GLP- 
V was a 37 amino acid peptide and that GLP-2 %vas a 34 amino acid peptide. Analogous studies on the structure of rat 
preproghjcagon revealed a similar pattern of proteolytic cleavage at Lys-Arg or Arg-Arg residues, resulting h the tor- . 
3S mation Of glucagon. GLP-1. and GLP-2 (Hetnrich. G., ataL, SndoerinoL. 115:2176-2181 (1984)). Tsialiy. human, rat. 
bovine, and hamster sequences of GLP-1 have been found to be Identieai (GhigOone, M.. at at., Dlabatohgia. 27- 
599^(1984}). 

The conclusion reached by Lopez. ataL, regarding the size of QLP-1 was confirmed by studyvtg the molecular 
forms of GLP-1 found In the human pancraaa (Unenthal, LO.. ataLJ^CSn. BndoctinoL Afa«a6oi. 61:472-479 (1985)). 
M Their research showed thai GLP*1 and GLP-2 are present In the pancreas as 37 and 34 amino add p aptides respec- 
tively. 

The simflMy behmen Gt-P-1 and glucagon suggested to eariy investigators that GLP-1 might have biological 
activity. Although some investigators found that QLP-i could Induce rat brain cells to synthesize cAMP (Hoose&i. N, 
M.. ef at. fabs Latt ^:83-66 (1 984)). other investigators faUed to identify any physiologicai role for QLP-1 (Lopez. 

^ LC, atal mjpm), melaflure taldantify any physiological role for GLP-l caused some investigators to question whether 
GLP-1 was in feet a hormone and whether the reiatedness between glucagon and GLP-1 might be art/factual 

It has now been shown that biologically processed lorms of GLP-i have insullnotnopic properties and may delay 
gastric emptying. GLP-i(7-34) and GLP-i(7.35) are dlsc)osad in U.S. Patent No: 5.118.666, herein fr^corporated by 
reference. QLP-1(7-37} is disclosad m U.S. Patent No: S.120.712. heroin incorporated by reference. 

« Viriants and analogs of QLP-1 are known In the ait These variants and analogs include, for example, GLP-1 

(7-38), Gh»-GLP-1 (7^7), O-Gln'-GLP-I (7-37). acetyl-Lys'^LP-l (7-37). "nir^«-Lyt'8.GLP-1 (7-37). and Ly«^«-GLP-1 
(7-37). Derivatives of GLP-1 Include, for example, acid addiUon salts, cartjoxylate salts, tower alkyi esters, and amkles 
(soa, e.g., W091/11457). Generally, the various disclosed forms of GLP-1 are known to stimulate hsuOn secretlai 
OnsuRnotropic action) andcAMP foimatlon (see. e g.. Mojsov. S., int J, Peptida Protein Pasearc^ 40:333-343 (1992)}. 

« More Importantly, numerous investigators have demonstrated a predictable relationship between various in vitro 
laboratory experiments ar>d mammalian. espedaHy human, insuRrwcjsw responses to exogenous administration of 
GLP-1. GLP-1(7-36) amWe. and GLP-1(7-37) add (see, e.g., Nauck. M.A.. etaL, Diabetotogia, ^:74^'7U (1993); 
Qutniak. M.. ataL, New England J. ofMedicina, 326(201:131 6-1 322 (1992); Nauck, M.A.. etaL, J. Oin, /west. 91: 
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301-307 (1993); and Thorens, 3., 6taL, Oiaiefes, 42:1219-1225 (1993)). 

The Jundamenlal defects responsible lor causing hypergiycsmta in mature onset diabetes include impaired secre- 
tion of endogenous insufin and resistance to the etfects of insuGn by muscle and Iwer tissue (Gafloway. J.S., Diabetes 
Ca/».r3: 1209-1 239, (1 990)), The latter defect results in eifcess glucose production in the Ih/er. Thus, whereas a normal 
i individual releases glucose at the rate of approximately 2 mg^g/minute. a patient with mature onset diabetes releases 
glucose at a rate exceeding 2.5 mg/kg^minute, resulting in a net excess of at least 70 grams of glucose per 24 hours. 

Because there exists exceedingly high correlationi between hepatic glucose production, fasting blood glucose 
levels, and overall metabolic control as indicated by glycohemoglobri measurements (Galloway, J.A., supra: and Gal- 
loway. J A., et el, CSn 77w/ap.. 12:460-472 (1990)). it is readily apparent that control of fastfrig blood glucose is 
10 essential for achieving overall normalization of metabofism suficient to prevent hyperglycemic complications. Since 
existing insulin therapies rarely normalize hepatic glucose production without producing signfficant hyperinsuiinemia 
and hypoglycemia (Gafloway. J.A.. and Galloway. JA, et at, supra) aJtemalrve approaches are needed. Thereapy 
based on admin istralion of GLP-1 analogs is one such approach and is an object of the presortt nventioa 

Presently, therapy invoh^ing the use of GLP-1 type molecules has pr^seniwi a significant problem because the 
IS serum half-life of such peptides is quite short For example, GLP-1 (7-37) has a serum half-life of only 3 to 5 minutes. 
Presently, the activity of dipeptidyl-pepUdase IV (DPP IV) is believed to readily inactivate GLP-1 (7-37) in addSibn to 
rapid absorption and clearance fdtowing parenteral administration. Thus, there exists a critical need tor biologicafly 
active GLP-1 (7-37) anatogs that possess extended phamiacodynamic profiles following parenteral adminlsiiation. 

Accordingly, the primanr object of this invention is to provide novel, chemically modtTied peptides that not only 
« stimulate insulin secretion in type II diabetics but also produce other beneficial insulrotr^fc responses. The conv 
pounds of the present invention persist in the senim for longer periods than native GLP-1 (7-37) either by showing 
resistance to DPP IV or by being absoited and cleared slower than native GLP-I (7-37) following parenteral admnis- 
tration. Most surprisingly, some compounds of the pceseDi invention demonstrated a synergistic effect as Mvidual 
alterations to GLP-1 (7-37) failed to add-up to the biological performance of compounds that contained all of the alter- 
^9 ations. 

The present invention provides compounds of the general formula: 

Ri-Ala-Glu.Gly-Thr-Phe-Thr-Ser-Asp-.Val-Ser-Ser- 
^ Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Xaa-Glu-Phe-Ile- 
Ala-Trp-Leu-Val-Lys-Gly-Arg.R^ 

(Formula 1) 

^* wherein Ri is selected from the group consisting of 44mida2oproplonyl (des-amlno-histidyf). 4-frnidazoacetyl. or 

4-imidazo-a,a dimethyl-^acetyl; 

R2 is selected from the group consisting of Cg-C^o unbranched acyf. or is absent 

Is selected ffom the group consisting of Qly-OH or NHj; and, 
Xaa is LysorArg. 

The present Invention also provides pharmaceutical compositions corr^rising a compound of the present invention 
in combination with a pharmaceuticaily acceptable carrier, diluent or ex«pienL The present invention lurther provides 
a method for treating non-insufin dependent dabetes mellftus h a mammal in need of such treatment comprising 
admin»lering ah effecth^e amount of a compound of the present Invention lo said marrunaL 

In one embodiment, the present invenUon provides analogs ol nalurally-occuring GLP-1 (7-37) that arise from add- 
ing various R groups via a peptide bond lo the amino lemiinus of the peptide portion of Formula 1. Optipnaiiy further 
compourjds of the imrention are made by acytating the epsilon amino group of the Lys** reisidue and by making Iknited 
amino acid substitutions at position 26 or by altering the carboxy lenninus. Therefore, preparmg the polypeptide bade- 
bone of Ponnula 1 is a logical first step when preparing compounds of the present inventioa 
^ It should be noted that this specification uses the nomencblure scheme that has developed around processed 

forms 0* GLP-1. In this scheme, the amino iefminus of the known GLP-1 (7-37)OH has been assigned number 7 and 
the carboxy terminus number 37. Therelore, the first Ala residue of Formula 1 corresponds lo residue 8 of GtP-1 (7-37) 
OK Likewise Xaa in Formula 1 corresponds to residue 26 of GLP-i(7-37)OH and so forth. 

Given the sequence information herein disclosed and the stale d the art in sofid phase proteki synthesis, the 
prolein portion of Formula 1 can be prepared via chemical synthesis. Also, recombinant DNA techniques may be used 
to express the protein backbone of Formula 1. 

The principles of solid phase chemical ^nthesis of polypeptides are wefl known in the art and may be found b 
general texts in the area su^ as Ougas. H, and Penney, C. gooroanic Chemistn/ (i 981) Springer-Verteg, New YorK 
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pgs. 54>92. Merrifield. J.M.. Chem. 5oc., 35:2149 (1962), and Stewart and Young. So^ Phase Peptide Synthesis, pp. 
2^-66. Fredman (San Francisco. 1969). 

for dxampie. the protein portion of Formula 1 may be synthesized by soffd-phase methodology utilizing a 430A 
peptide synthesizer (PE -Applied Biosystems, Inc., 850 Lincoln Center Drive, Foster City. CA 9A404) and synthesis 
s cycles supplied by FE'Applied Biosystems. Boc amino acids and other reagents are convneiciaily available from PE- 
Appfied Biosystems and other chemical supply houses. SaquentiaJ Boc chemistry umg double couple protocols are 
applied to the starting p-methyl benzhydryt amine resins for the production of C^enminal earboxamtdes. for ttie pro- 
duction of C-ierminal acids, the eorespondlng PAM resin is used Asn. Gia and Arg are coupled usbig preformed 
hydroxy benzotriazole esters. The foltowing side chain protecting groups may be used: 

Arg, Tosyl 
Asp. eydohexyt 
Gtu. cyclohexyl 
Ser. Benzyl 
I* Thr, Benzyl 

Tyr. 4-bromo caAobenzoxy 

Boc deprotection may be accomplished with trinuoroaeetie add in methylene chloride. Following corrpletion of the 
synthesis the peptides may be deprotected and cleaved Irom (he resin wfth anhydrous hydrogen fluoride (HP) containing 
20 10% meta-cresoL Cleavage of the side chain protecting group(s} and of the peptide from the resin is carried out at - 
S*C to 5*C. preferably on ice for 60 minutes. After removal of the HF. the peptide/resin is washed with ether, and the 
peptide extracted with glacial acetic acid and lyophilizedL 

The preparation of protected, unprotected, and partially protected GLP-1 molecules has been described in the art 
See U.S. Pat. No. 5.120.712 and 5.118.666. herein incorporated by reference, and Orsicov. C, et aL, J. BhL Chetn, 
2S 264(22}: 1 2826-1 2S29 (1989) and WO 91/11457 (Buckley. O.I.. etaL published August 8. 1991). 

LiliewTsa. the state of the art in molecular biology provides the ordinarily sidled artisan another means by which 
the protein portion of Formula 1 can be obtained. Although I may be produced by solid phase peptide synthesis or 
recombinant methods, recombinant methods may be preferable because higher yields are poss^e. The basic steps 
in recombinant production are: 

JO 

a) isolating a natural DNA sequertce encoding Gt^*l or constructing a synthetic or semt-synthetic ONA coding 
sequence lor GLP-1. 

b) placing the coding sequence into an expression vector in a manner suitable for expressing proteins either alone 

3S or as a fusion proteins. 

c) uansforming an appr^rtate euicaryotic or prokaryotic host cell with the expression vector^ 

d) cutturtng the transformed host cell under conditions thai will permit expression of a OLP,A intermediate, and 

40 

e) recovering and purifying the recombinantfy produced protein. 

As previously stated, the cocfing sequences may be wholly synthetic or the result of modrffeations to the largec 
naUve glucagon-erKOdIng ONA. A DNA sequence that encodes preproglucagon Is presented in Lund, etaL, Proc Natl, 
^ Acad, ScL if.SA. 7^345-349 (1.982] and may be used as starting material tn the semisynthetic production of the 
compounds of the present invention by altering the native sequence to achieve the desired results. 

Synthetic genes, the tn vitro or in vfvo transcription and tianslation of which results in the production of the protein 
portion of Formula 1 , may be cor^ructed by techniques weD known In the art Owing to the natural degeneracy of the 
genetic coda, the sMDed artisan wiO recognize that a sizable yet daflnlta number of ONA sequences may be constructed, 
so all of which encode the polypeptide of Formula 1 . 

The methodology of synthetie gene constmction is waD known In the art See Brown, et aL (1979) Methods in 
Smymology, Academic Press, N.Y., Vol 68, pgs. 109*151. ONA sequences that encode the protein baddMne of For- 
mula 1 can be designed based on the amino acid sequences herein disclosed Once designed, the sequence iiself 
may be generated using oonveniional DNA synthesizing apparatus such as the Model 380A or 380B ONA synthesizers 
^ (PE-AppDed Biosystems. Inc. 850 Lincoln Center Orive. Foster City. CA 94404). 

To effect expression of the pot^peptide dt Formula 1, one inserts the engineered synthetie ONA sequence en any 
one of many appropriate recombinant DNA expression vectors through the use of appropriate restriction endonucle- 
ases. See yene/a/^^ Maniatis etaL (1989) Moleeular Ctordng; A Laboraiory Manual Cold Springs Haitor Laboratofy 
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Press. N.Y.. Vol. 1*3. Restriction dndonucieasddoavaggsiias are engineered imo either end of.theQLP-i intermediate* 
encoding ONA to facilitate isolation from, and integration into, known ampliftcation and expression vectors. The par* 
ticular endonucleases ennployed will be dictated by the restrictton endonuctease cleavage pattern of the parent ex- 
pression vector to be employed. The choice of restriction sites are chosen so as to properly orient the coding sequence 
with control sequences to achieve proper in-frame rea^g and expression of the protein of interesL The coding se- 
quence must bt positioned so as to be in proper reading frame with the promoter and r^csome binding site of the 
expression vedw. both of which are functional in the host cell in which the protein is to be expressed. 

To achieve efficient transcriptiai of the synthetic gene, il must be operably associated %vith a promoier^operator 
region. Therefore, the promoter-operator region of the synthetic gene is placed in the same sequentlaJ orientation with 
respect to the ATG stan codon of the synthetic gene. 

A variety of expression vectors useful for transfomiing prokaryoife and eulcao^tic celis are we{I icnown inihe art 
See The Promega Biological ReseaKh Products Catalogue (1 992} (Promega Corp.. 2800 Wbods HoOow Road. Mad- 
tson. Wl. 53711-5399): and TheSUatagene aening Systems Ca£8iicvc/e(ld92) (Stratagene Corp.. 11011 North Torrey 
Pines Road. La Jolla CA. 92037). Also. U.S. Patent No. 4.710.473 describes circular DNA plasmid transfonmation 
vectors useful for expression of exogenous genes in £ coff at high levels. These plasmids are useful as tfansformation 
vectors in reoombtnani ONA procedures and 

(a) confer on the plasmid the capacity for autonomous replication in a host cel( 

(b) control autonomous plasmid replication in relation to the temperature at virhich host cell cultures are maintained; 

(c) stabilize maffitenance of the plasmid in host cell populations; 

(d) direct synthesis of a protein prod, indicative of plasmid maintenance in a host cell population; 

(e) provide in series restriction endonudease recognition sites unique to the plasmid; and 

(f) terminate mRNA trarwcription. 

These circular ONA plasmids are useful as vectors in recombinant DNA procedures for securing high levels of 
expression of exogenous genes. 

Having constructed an expression vector for the protein of Formula 1, the next step is to place the vector into a 
sijitable cell and thereby construct a recombinant host cell useful for expressing the polypeptide. Techniques for trans- 
forming cells with recombffiant ONA vectors are well known in the an and may be found in such general references 
as Maniatis. et aL supra. Host cells made be constructed from either eukaryotic or prokaryotic ceOs. 

Prokaryotic host cells generaJty produqe the protein at higher rates and are easier to culture. Proteir>s which are 
expressed in high-level bacterial expression systems characteristically aggregate in granules or inclusion bodies which 
contain high levels of the overexpressed protein. Such protein aggregates typically must be solubilized, denatured and 
refolded using techniques well Icnown in the art See Kreuger. et a£ (1 990) in Pmtein Folding, Gienasch and King, eds.. 
pgs 1 36*142, American Association for the Advancement of Science Pubfication No. 89-163, Washington. D.C4 and 
U.S. Patent No. 4.923.9S7. 

Having preparing the polypeptide bacicbone of Formula 1 . an imidazole, as defined above In the "Summary of the 
Invention.' Is added to the amino temwius to produce various embodiments of the present invention. Coupling the 
imtdazollc group to the polypeptide of Formula 1 is aoeompHshed by synthetic chemical means. Because ail of the 
vanous organic groups contemplated in this invention contain a cart)Oxylic add, the imidazolic group can be added by 
solid phase protein synthesis analogous to adding an amino acid to the N-termlnus of a polypeptide. Alternatively, an 
activated ester of the imidazolic group can be added by standard chemical reaction methods. 

Preferred imidazofle grot^ of the pr9son\ invention are: 
4-imidazopropiQnyl (des«amino-histidyl) 




4-imidazoace(yl 



S 



09:34:48 




EP0708179A2 




to 



IS 



and 

4-tmidazo-a, a dimelhyKacetyt 




Tha most prafarrdd group is 4-frnida2opropionyl. 
20 Further embodimsnts of the present hvenlion are made by aeytating the apsilon amino group or the Lys^ residue 
Straight chain acyt additions containing between 6 to 10 carbon atoms are preferred and unbranched C. is most pre^ 
ferred. 

Other embodiment of the present Invention hdude amino acid substitutions at position 26 (Xaa) of Formula l . Lys 
and Arg are acceptable at this position, though Arg is pretended 
2S Modtfications at the.carboxy temtlnue are also metuded in the present invention. As such R9 may be Gly-OH or 
NH,; Qly-OH is preferred over the ea/boocy terminal amide embodiments. 

Addition of an acyl group to the epsilon amino group ol Lys^ may be accomplished us&ig any one of a variety of 
methods loiown in the art See Bioconiu oate Chom. 'Chemkal Modifications ol Proteins: History and Applications* 
pages 1.2-12 (1990); Hashimoto ef al. Pham^acueticai f=^es. •Synihasis of Pafrniioyl Derivatives of insufln and their 
w Biological Activity- Vol 6, Mo:2 pp.17l-l76 (1 989). 

For example, the N-hydroxy-sucdnimide ester of octanoie acid can be added to the tysyl-epslion amine using 50% 
acetonitrile in borate buffet The peptide can be acylated either before or after the imidaiolic group is added. IVIoreovei; 
ff'the peptide is prepared recombinantly. acyiation prior to enzymatic cleavage Is possible. 
^ The present invention also includes sail forms of GLP-1(7-37) analogs. Compounds of the Invenlicn may be suf- 
JS ficiently acWIc or suffldently basic ro react virfth any of a number of horganicbasw^ 

to fomi a seit. Acids commonly employed to form add addition salts are inorganic adds such as hydrochloric acid! 
hydrobromic acid, hydroiodic add. sulfuric add. phosphoric add. and the lilw. and organic acids such as £-toiuenesu|. 
fonic acid, mathanesuSonic acid, oxalic add, ^-bromophenyl-suifonic add, carbonic add. succinic add. citric acid, 
benzoic acid, acetic add. and the Bi<s. Examples of such safts include the sulfate. pyrosuHate. bisuifate. sulfite. bIsuWte. 
40 phosphate, monohydrogenphosphata. dhydrogsnphosphale. mstaphosphate. pyrophosphate, chloride, bromide, io^ 
dide, acetate, propionate, decanoate. caprylais. acryiate. fonnate, Isobutyrate. caproate, heptanoaie. propioiate. 
oxalate, malonate. succinate, suberate. sebacatt. fumarate, maleate. butyne-1.4<«oate. hexyne-l.e-dioate, benzoate.' 
chlorobenzoaie, methylbenzoate. cfiniirobenzoaie. hydroxybenzoate, methoxybenzoale. phthaiale. sulfonate, xyle^ 
nesulfonale. phenylacetale. phenylpropionale. phenylbulyrale, citrate, lactate, gamma-hydroxybutyratc, glyeofate. tar* 
45 trate, methahesulfonale, propanesulfonate. naphthalene-1 -sulfonate, naphthalene-2-sullonate..mandelate, and the 
nice. Preferred add adcfllon salts are those formed with mineral adds such as hydrxhloric add and hydroOfomIc acid, 
and, especialfy. hydrochloric add. 

Base addition salts Indude those derived from inorganic bases, such as ammonium or alkali or aOcaline earth metaJ 
hydroxides. cart)onates. bicarbonales, and the lilte. Such bases useful in preparing the salts of this invention thus 
so Include sodium hydroxide, potassium hydroxide, ammonium hydroxide, potassium carbonate, and the lilie. SaH terms 
of GLP-1(7.37} anaiogs are particulariy preferreOL When the compounds of the invention are used lor therapeutic 
purposes, those compounds may also be in the form of a salt, but the salt must be pharmaeeuticaOy acceptable. 

GU>-1 (7-37) analogs of the present invention demonstrate insufinoirepie actWly. The term TnsuOnot/opic activity* 
relates to the BbiEty of a substance to stimulale, or cause the stimulation of. the synthesis or expression of the homwie 
ss insulin. 

The insulinolropie property ol a compound may be determined by providing that compound to an&nal cells, or 
injecting that compound into animals and monilortng the release of immunoreactive insufin (IRI) into the media or 
circulatofy system of the animal, respectively The presence of Ifll is dateded through the use of a radiosnmunoassay 
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which can specifically detect insulin. 

Although any radioimmunoassay capable of datecting tta presence of IRI may be employed, a modificatnn of the 
assay may also be used. See J.O.M.. et at. Acta Endocrinol, 70:487-509 (1972). The insulinotropie property of a 
compound may also be determined by pancreatic infusion. See Penhos, J.C.. otai, Oisteres, 29:733-738 (1969). 
s The present invention also provides pharmaceuttcaJ compositions eomprisbg a compound of the present invention 
in combnation with a pharmaeeutlcaSy acceptable eanfer. diluent, or exeipienL Such phamiaceutleal compositions are 
prepared in a manner well known in the phannaeeutical ait and are administered individuaily or in combination with 
otner therapeutie agents, preferably via parenteral routes. An especially preferred route is by subcutaneous a^inis* 
iratioa 

la Parenteral dosages may range from about 1 pg/kg to about 1 ,000 (iglcg of body weight. aRhough lower or higher 
dosages may be administered. The required dosage will depend upon the severity of the condition of the patient and 
upon such criteria as the patient's height weight, sex. age« and medical history. 

in maidng the compositions of the present inventioa the acthfe ingredeni which corrvprises al least one ccmpour>d 
of the present riventim, is usually mixed with an excfpierrt or diluted by an excipient. When an excipient is used as a 
diluent, it may be a ssmi-sorxj or liquid matertai which acts as a vehicle, carrier, or medium for the active ingredient 
Liquid exeipients are preferred. 

In preparir^ a rormulation, it may be necessary to mill the active compound to provide the approphate particle size 
prior to combining with the other ingredients. If the active contpound is substantially insolubie, it ordinartly is milled to 
.particle size of less than about 200 mesh. If the active compound is substantially water soluble, the particle size is 
20 normally adjusted by milling to provide a substantially unifonm distribytion in the formulatioa e.g., about 40 mesh. 

The compositions of the invention can be fonmulated so as to provide quick, sustained or delayed release of the 
active ingredient after adnrunistratjon to the patient by employing procedures well known in the art. The compositions 
are preferably formulated in a unit dosage form with each dosage normally containing from about 50 ^g to about 100 

more usually from about 1 mg to about 10 mg of the active ingredient The term 'unit dosage fomi* refers to 
2S physically discrete units suitable as unitaiy dosages tor human subjects and other mammals, each unit containing a 
predetermined quantity of active material calculated to produce the desired therapeutic effed in association with a 
suitable pharmaceutical excipient 

Por the purpose of parenteral administration, compositione containing a compound of the present onventkyi pref- 
erably are comboned with distilled water at an appronate pH. Additional pharmaceutical methods may be employed to 
30 control the duration of action. Controlled release preparations may be achieved by the use of polymers to complex or 
absorb a compound of the present invention. The controlled delivery may be exercised by selecting appropriate mae- 
romoiecules (for example, polyesters, polyamino adds. poiyvinylpyrroOdone, ethylenev^ acetate, methylcellulose, 
carboxymethylcenuiose. and protamine sulfate) and the concentration of macromofecules as well as the methods of 
incorporation in order to control release. 
3S Another poss&le method to control the duration of action by controOed release preparations is to incorporate a 
compound of the present invention into panicles of a polymeric material such as polyesters, polyamino aekis, hydrogels, 
poly (lactic add) or ethylene vhylacetate copolymers. 

Altemativeiy, instead of incorporating a compound hto these polymerfe panicles, it is possible to entrap a compound 
of the present Invention in microcapsules pttpai^, for example, by eoacervation techniques or by inteftadal polym- 
4a erization, for oxample, hydroxymethylcell utose or geiatin-miofocapeules. respectively, or in eollpldal drug delivery sys- 
tems, for exarr^lo, fipoflmee, albumin microspheras, mferoentulstdns. nanopanlcles. and nanocapsulas, or in mac* 
roemutsiona. Such teachings are disclosed In F^emington^ PharmacauUcal Sciences (1980). 

The compounds of the present Invention have insulinotropie actlvfty. Thus, artother aspect of thapresent invention 
provides a method for enhancing the expresston of insuOn comprising provkfing to a mammalian panereatfe B-type 
45 islet oeO an effective amoint of a compound of the present invention. 

Simllarty, the present invention provides a method for treating dabetes melfitus in a mammal, preferably a human, 
in need of %Meh treatment comprising administering an effective amount of a compound or composition of the preeent 
invention, to such a mammal 

By way of illustration, the following examples are pvcNvAed to help describe how to nrtake and practice the vsrious 
se embodiments di the invention. These example are in no way meant to Gmit the scope of the invention. 

Exampl« 1 

Synthesis of fArq26)QLP»1(9-37>OH 

55 

The polypeptide portion of Fomnula 1 wherein Xaa is Arg and is Gly-OH was prepared by solid phase synthesis 
on a Model 430A peptide synthesizer (PE-Appfied Biosystems. Foster City. CA) using the Boc protecting strategy. The 
side chain protecting groups were: Asp (ChxO. Glu (OBzl). Ser (BzO, Thr (Bzl). tys (Ct-Z). His (BOM). Trp (CHO). Tyr 
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(Bf-Z), and Arg (Tos). Ail except tor Asp (Chxl) {Peptides International) were obtained from PE-Applied Biosystemd. 
Each residue was double coupled using either OCC initiated symmetilc anhydride or HOBT activation. The 30 residue 
intermediate was left attached to the resin. 

s Example 2 

Synthesis of N>lmtda20PfOOionvt (Aro26) GLP-U9-37\OH 

N-Cb2-lmida2oM-yl propanoic acid (R G. Jones. J. Amer. Cham. Soc, . 71, 333 (1S49) was coupled lo Une (8-37) 
10 peptidyl resin decnbed in Example 1 by placing 0.5 gm (I.SmmoO of N-Cbz*imida20le-4-yl propanoic acid in each of 
two histldtne cartrfdges and running the normal histldine double couple cycle on the Model 430A peptide synthesizer. 

. The modified paptii/l xestn prepared was treated with 20 ml of piperidine in DMF (dimethyl formamide) at 4*C 
for 1 hour to remove the Trp (CHO) protection. Approximately (2.6 gm) of the modified peptidyt resin was washed 
several times with CHjCljt trar)sf ered to a teflon reaction vessel and dried in vacuo. TWo ml of m-cresol and a magnetie 
15 stir bar were added to the the vessel which was attached to an HF apparatus (Pennisula Laboraties, Inc.), cooled to • 
78*C, evacuated, and 20*25 mJ HF was condensed into the vessel The reaction mbcture was stirred for 60 min in an 
ice bath and the HF was then removed by vacuum. The modiTied peptide residue (GLP*1 analog) was suspended in 
200 ml ethyl ether and stirred briefly- The solid material wras then filtered using a 60 ml glass fritted filter funnel. After 
•washing the solids twice with ethyl ether, the analog was solubilized by washing the solids with 40 ml each of 
. 50% aqueous acetic add and 10% aqueous acetic acid. 100 ul of the combined aqueous filtraie was removed and 
prepared for standard HPLC analysis using the following conditions: 

Buffers : A)0.1%TFA 

B)0.1%TFA/50%CH3CN 
' ^' Column : VydaeCIB (0.46X 15 em) 

Temperalure: 4S*C 
■ Flow: I.Omt^min. 
Peleetof: 214 nm 

Gradierit 0% 8 for 5 rrunv. then 0 to 100% B over 60 min. 

■ ja 

The remaining aqueous rt?trale (approximately 90 ml) was divided into two portions and e^ was loaded onto a 
2.2 X 25 cm Vydac ClB column and preparativeV chromatographed (Pharmacia FPLC) at room temperature while 
monitoring at 21 4 nm. Fractions were collected every 5 min at a flow rate of 4 mi/min in a gradient beginning with 20% 
B (A and B were the same as above) and ending with 100% B over 790 min at room temperature. 
3S UV absorbing fractiorTS were analysed by HPLC and selected fractions (61-67) were combined ar>d lyophBized to 

give 114 mg of the title compound. In like fashion, 175 mg was obtained from the second portion. The GLP»1 analog 
was characterized by fast atom bombardment (FAB), mass spectral analysis, and amino acid analysis. The molecular 
ion peak found (3369.2) agreed with the theoretical molecular weight (3368.7) 1 . The amino acid ratios were consistent 
with the desirad product: 



45 
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Amino acid 


Theory 


Found 


Asp 


1 


1.00 


Thr 


2 


1.64 


Ser 


3 


2.55 


Gtu 


4 


a96 


Gly 


4 


3.98 . 


Ala 


4 


4.07 


v^i 


2 


1.95 


lie 


1 


0.9 


Leu 


2 


1.94 


Tyr 


1 


0.92 


Phe 


2 


V86 


ty» 


1 


0.96 


Arg 


2 


1.55 



8 



09:34:48 



EP p 708 179 A2 



Exampi* 3 

Synthesis dt N-tmidazoofooionvl fAfQ26fN>-Ocianovlftvsvt3AinGLP>U3-371X3H 

N-imidazoi6propyl((Arg26)GUP-l(B*37)OH was acylated with N-succtnimidyi-octanoate on tho N<*amn8 o( Lys^ 
in tha toDbwing manner. 

JSMmidazoprQp(ony{((Ar926)GLP-1(8-37)OH (70.5 mg; 0.021 mmoO. as prepared in Sxamplas 1 and 2, was die- 
solved tn 25 mJ of di/nethylsuIToxidB (OMSO). N-suecinimidyl-octanoats (19.1 mg; 0.079 mmoQ was then added and 
stirred nto solution. A 10 fold molar excess of tetramethylguanbfine (26.2 ml: 0.21 mmol) was added to ensure fuQ 
depfotenaUon of the epsilon amino group. The reaction mixture was stirred al ambient temperature and monitored by 
HPLC. After 45 minutes the reaction was stopped with 100 mi of 0.1 N HCL Qetdtlnous panidas were removed by 
passing the mixture through a gtass«wool plug n a glass funnel 

Separation of the title product from starting materials was achieved on a C4 reverse-phase preparative HPLC 
column using the following conditions: 

Buffers : A) 0,1%TFA; 5%acatonfiriIe 

. B}0.1%TFA.95%acetonitnte 

Column : Vydac C4 (2.2 x 25 cm) 

■TemoTatura: ambient 

FiO¥^ 2.0 mymin. 

Detector ZBOnm 

Gradient 25-55% B over 300 mh. 

The title product alutad at 44.S lo 46.7% acelcnrlrila as determined by analytical HPLC of individual (factions. The 
appropriate tractions were pooled, frozen and lyophiQzad. The reaction yielded 22.7 mg (32%) with an approximate 
purity of 87% by HPLC. 

Additional purification was achieved using a second preparative HPLC step at pHs7.7 with the following conditions: 

A) 0.1M {NH4)hCO^ 10% acetonitnie 

B) 0. 1 M (NH4jHC03. 50% acetonitriie 
vydac CIS (Z2x 25 cm) 
ambient 
2.0 mVmin. 
280 nm 

50-90% B over 300 min. 



The sample (22.7 mg) was dissolved in 20 ml of buffer A) and loaded onto the column. Separation of corr^onents 
was achieved using the above gradient The title product etutad between S4.6 and 35.6% acetionitrile as determined 
by analyticaJ HPLC. Appropriate fractions were pooled and lyophiGzed. The recovery was 10.46 mg (46.1%) of title 
prpduet with an HPLC purity of approximately 99%. The overall recover for both RP-HPLC steps on a weight basis 
was 14.8%. 

Example 4 

Synthesis of hMmlda2oacetvlfArQg8^GLP-irB'37110H 

(hKtart-ButoKycartMnyt)-lmidazoM*yi]acetic acid was prepared from 4-lmldazoleacetie add by protecting the the 
imidazole ring wUh with tha tert-butoxycarbonyl in the followir>g manner. Ol-tert-butyl dicarbonate (1.1 equlv^equhr. of 
amine) was added to a mbrture of the free amine, potassium carbonate (1.1 equiv.) and 50% aqueous dioxane, and 
the whole was stirred at room temperature for 4 hours. The resulting mbcture was diluted with diethyl ether and the 
layers separated. The aqueous layer was acidified with 1 .ON aqueous citric add and extracted three times with meth- 
ylene chloride. The extracts were dried (M9SO4) and the solvent was ramoved m vacuo . The resulting oil was crystaQzed 
from an appropriate soivsnt. 

The fN-(tert-Butoxycart>or)yO*imidazol-4^acetic add was then coupled lo the (d-d7)pept)dyt resin descra)ed in 
Example 1 by placing approximately 0.5 gm (1 .Smmol) h each ol two histidlne cartridges and running the normal 
histidine double couple cyde on the Model 430A peptide synthesizer as described in Example 2. 

The modified peptk^ resin was released from the resin and purified in substantial accordance with with Example 
Z The UV absorbing fractlorts were analysed by HPLC and were then combined and lyophifized to give approximately 



Suffers : 

Columg - 

Temperature: 

Flow: 

Detector 

Gradient' 
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100 mg of the title compound A sample was then characterized by fast atom bombardment (PAB) and mass spectral 
analysis. The molecular ion peak found agreed with the theoretical molecular weight. 

Example S 

s 

Synthesis of N-flmidaroie-q,a-dimethvl-acetvflGLP-if8'37)OH 

Q(,a-dimethyi-a'fN-{tertbutoxycamonyOimldazol-4-yi] acetic acid was pr^ared from N-irityl-a,a-dtmethyM-imida- 
zole-acaionitnle [J. I. DeGraw. bi^, JMC. ao, 1671 (1 977)] as follows. 

N-!fiiyl-a.a-dlmethyl-4-im]da2o!eac6toniuiie (3.97g, lO.Smmol) was added to a 5% cone. HCl/hiethanol solution 
(25ml) and the whole refluxed for three hours before concentrating tn vacua The remainhg material was partitioned 
between 5 N aq. HCI (25ml) ard ethyl acetate (50ml). The aqueous layer was separated and refhixed for 24 hours. 
After coneahtratino in vacuo , the cmde a,a,*dimethyl-4-lmidazoieacetlc acid was dissoh/ed in water and concentrated 
again. The title compound (1 .68g, mp. 1 55 'C{dee)) was prepared from this crude acid by the general method descflbed 
IS above. 

The a,a-dimethylHz-{N-(tertbuloxycarbonyl)imldazoM*yq aceUc acid was then coupled to the (8*37} peptidyt resin 
in susbstanttal accordance to the previous examples. 

.Example 6 

Synthesis of ^f-lmtda2oacetvK3LP'1 m-36)NH. 

G(.P-1(8*36}NH2 was produced by solid phase pepUde chemistry on an Applied Biosystems (A8I) 460A peptide 
synthesizer using a MBHA resin (A8I, lot f A1 A023. 0.77 mmol/g). All amino acids had their a-amino groups protected 
25 by the tert-butyloxycarbonyl (l-8oc) group. Those with reacth^e side chains had them protected as follows: Arg(Tos); 
Lys(C(-Z); Trp(CHO); Glu(CHex); Tyr(Br-Z}; Ser(BzO: A^(OBzQ; Thr(Bzl}. 

The protected amino acids were activated in dichloromelhane (OCM) wtth one hall an equivalent of dicydohexy- 
Icarbodnmide (DCC) per equivalent of amino acid to give the symmetne anhydride of the amtfio acid. Ktowevei; arginine, 
glutamine. and glydne residues -were activated by forming the l-hydrcxybenzotriazole (HOBt) esters of these amho 
90 acids (1 : 1 : 1 equivalents of amino acid. HOBt, and DCC in dimtethytfonmamida (OMf)),- 

Residues were sequentially connected from the C-terminal towards the N-terminal end with a series ot ootipOng 
and deprotection cycles. A coupling cycle consisted of the activated amino add undergoing nucleophilic substitution 
by the free prtmary amine of the previously coupled amino acid. Deprotection was the removal of the N-terminal blocking 
group Boc with anhydrous trifluoroacetic acid (TFA). This gerterated a free amine group after neutralization with diiso- 
3S . propylethytamine (DIEA). 

The synthesis scale was 0.5 mmoL The concentration of functional sites on The M8HA<<esin was 0.77 mmol/g: 
649 mg of resin was used. A two fold molar excess of the symmetric anhydride was used for all of the amino ac id s. 
The C-terminal Arginine was coupled to the MBHA-r esin via standard protocols. All residues were double-coupled. 
That is each- residue was coupled to the re^ln twice. The secocKi coupling was perfomied without a Boc deprotection 
40 step prior to re-addrtJon of the amino add. TNs helped to completely react afl of the free amine groups on the resin. ' 
The tryptophan residue was quadruple coupled. 

The title compound was prepared using the peptidyl resin and the R group of Example 4 in substantial accordance 
with the previous examples. After the R group was added to the amino temiinus and the formyf groups removed, the 
peptide was Iberated from the resin by hydrolysis wtth liquid hydrofluoric add (HF) at CTC for one hour using a Teflon 
*s reaction vessel For every gram^ peptidyl-resin. 1 ml of m<resol scavenger was added and 1 0 ml of liquid HF used. 
* The scavenger prevented the .reattachment of side chain bioddng groups (released as carbocalions) to the peptide. 
After one hour, the HF was removed by vacuum leaving a slurry of peptide, resh, and m<resd. 

The peptide was then precipitated in the HF reaction vessel with ice cold diethyl ether. The precipitate was trans* 
ferred to a 150 ml sintered glass funnel along with several ether rinses. The peptida/resin physical mixture was washed 
so several times with cold ether to remove residual HF and m-cresol. The second step was to extract the peptide away 
from the resin using 10% acetie add in water ^/v). Vacuum fi&ration into a dean round bonom flask yielded a crude 
peptide solution. 
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E3tampl»7 

fn vitjo Reeaotof Biidfriq Assay 



(CAMP Assay) 

a) Rat, GLP*l recsptor, membrane preparatior): 



Thg pubOshfid DMA sequence for the rat GLP-l receptor (Thcrens B.. ec at Proc NatL Aesd. Sd USA, 89* 
3641^645 (1992) and the dihydrofolale reductase resistance marker gene were used in ccnjunction with PCR tech^ 
njques to constmct an expression vector. The DXB-1 1 variant of the Chinese hamster ovary (CHO) ceO Hne was trans- 
/om\ed with the vector, resulting in a recombhant CHO cell fine that sxpressed the rat GLP-l membrane receptor. 

Cens were grown and harvested..and a membrane preparatfon was obtained by flrai washing the ceUs wfth PBS 
buffer, then twee washing with ceid butler (25 mM HEPES, 2 mM MgOj, 1 mM EOTA. 20 ^ig^ml Leupeptm 1 mM 
PMSF. 2ng/ml Aprotinin. 50 ^igfrDl Trypsin Inhtoftof. pH 8.0) and resuspending h buffer. The ceH suspension wa*s tysed 
in a glass Teflon homogenizer, and the resulting sample was then centrif uged at 35,300 X g for 30 minutes at 4»C The 
supernatant was removed, and the pellet was resuspended in cold buffer and homogenized. Aliquots were stored at 
-€0*C. 



b) Cyclic AMP (cAMP) Assay: 



A sample of the membrane preparation was preincubated with a test compound or a control compound in buffer 
(25 mM HEPSS. 0.2% (w/v) BSA pH 7.6) at 32'C for 10 minutes. Reaction buffer (final concentration: 25 mM HEPES 
0.2% (wA^) 8SA. ZB mM Mg, 0,8 mM ATP. 0.1 mM GTP, 5 mM creatine phosphate, creatine knase SO U/ml 0.2 mM 
IBMX pH 7.6) was added and incubated for an additional 30 minutes. Incubations were stopped by adding 10 mM 
EDTA. 

Production of cAMP was assayed using a fluorescent tracernmrnuno assay method In brief, after the incubatton 
was stopped, miorescent tracer (cAMP^ phycoerythrin conjugate) was added followed by the addition of affinity purified 
antHcAMP rabbit antiseoim. After incubation at room temperature for 45 minutee, anti-rabbil IgQ coated assay beads 
were added and incubated for an additional 15 minutes. Plates were then evacuated and read on a Pandex PFCIA 

reader. 

In this assay, a known insuDnotropic agent such as GI-P-l {7-37)OH showed decreasing fluorescent intensity due 
to increased cAMP concentration. Pluorascent intensity values were correlated to rate of cAMP production 
{pmoVmin/mg). Conversely, agents having no insulinotropie action failed to stimulate pit)duction of cAMP and therefore 
showed no decrease in fluorescent intensity. ' 



Table 1 



cAMP Assay 


Compound 


% Rtlethfe Potency 


G!J>-1(7-37)OH 

Ar9«-GU3.1{7-37)OH 

N-imidazopropionyM3LP-1 (8-37)OH 

N.imjdazopfbplonyi-Ai5ga«^{^-1 (8-37)OH 

NHmldazopropionyl-Arg»H.ys»*-N«-oclanoyl^U9-1 (e*37)OH 

GLP-1(7-36)NHs 

N-imidazoaeetyl-Gl^-l (8-38)NH, 
M-imjdazoacetyf-Ar92«-GU9-l (8-37)OH 
a.a-imidazo8oeiyl-QtJ>-1 (8-37)OH 


100.0 ±18 
140.8 ±28.7 

21.9*7.8 
89.0 ±1Z6 

8.8 ±1.4* 
88.4 ±29.4 

24.2 ±9.8 
95.0 ±14.3 
108.2 ±2Z4 
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Examola 8 



Dog In vh/o Asaavs 

s a} Hyperglycemic Ciamp Studies 

£xperiment4 were conducted in ovemighl-lasted. ccnsdcus. adull (1-2 years <rf age) mate and female beagles 
weighing 8-1 5 kg. At least ten days ptior lo the study, animals were anesthetized with isofturane. and a cut<jown was 
made in the left or right inguinal region. Silastic caiheten were insened into the femoral artery and the proxknaJ caudaJ 

to femoral vein and secured with 4-0 siDc suture. The free ends of the caiheters were passed subcutaneously to the back 
using a trocar needle. The catheters were then filled with a glyceroVheparffi sdutfon (3:1 , v/v. final hepar^ concentration 
of 250 WU/ml). and the free ends were knotted and placed in a subcutaneous pocket to aHow complete closure of the 
skin. Keflex^ was administered both pre-operaiively (20 mgrtcg. IV and 20 mg/kg. I.M.) and post-operatively (250 mg. 
P.O. once daSy lor seven days) to prsvsnt infections. Torbugesic (1.5 mg/kg, LM.) was admhlsterad post-operadvely 

is to control pain. 

Slood was drawn Just prior to the study day to detemme the health of the animal. Only animals with hematocfits 
above 38% and leukocyte counts below le.OOO/mm^ were used. 

The afternoon before the experiment the free ends o( the catheters were exteriorized from the subcutaneous' 
.pocket through a small incision made under local anesthesia (2% Odocaine}, and the dog was fitted with a tether system 
30 jacket ar^d collar assembly. 

The morning of the experiment, the contents of the catheters were aspiialed, the catheters were flushed with 
saline, and extension lines (protected by a stainless steel tether) were attached to tha catheters. On mornings of IV 
injection experiments, an over-the-needle, teflon catheter was inserted percutaneously Into a cephalic vesi In prepa- 
ration for the administration of an IV bolus of test substance. The dog was placed in a metabofio cage, and the catheter 
2S extension lines and tether were attached lo a swivel system to allow tha dog to move freely about the cage. At this 
time (-60 minutes), an exogenous infusion of glucose (50% wAr In water) was begun through the chr^tic venous cath- 
eter. Glucose was infused in a descending stepwise fashion over the finrt sbc minutes of the study to rapidly raise the 
plasma glucose concentration to 150 mg/dL Plasma glucose ooncentnations were detemilned every 2.5 lo 7.5 msiutes 
throughout the remainder of the study, and the glucose ntfusion rate was ac^usted appropriately to maintain the pbsma 
90 glucose concentration at 150 mg^dL 

Sixty minutes after the start of the glucose infusion (time 0}, test substance was administered either intravenously 
(1.0. 2.9. 5.0 or 10.0 fig^ dose dissolved in 2 ml of saline containing 0.3% dog albumin. wAr) through the pre^'nustf 
iriserted teflon catheter or subcutaneously (10 ^gOig; 150 pM in phosphate buffered saline) n the dorsal aspect of the 
neck. 

J5 Arterial blood samples (aS ml) were taken at -30, -15. 0. 2.5, 5. 7.5, 1 0. 1 ZS, 1 5. 20. 30. 45, 60, 75. 90, 1 05 and 
120 minutes during the IV studies and at -30. -15. 0. 3. 6, 9. 12. 15. 20. 30. 45. 60. 75. 90. 105 and 120 minutes during 
the SC stuaes. Samples were collected In vacuum blood collection tubes containing disodrum HDTA and immediately 
placed on ice. To prevent pnateolytic cleavage of GU>-1(7.37) in the plasma samples. 1.5 ml of the EDTA containiig 
blood were translerred to a polypropylene tube containing 40 pf of aproiinin (10,000 KlU/ml) and mbced wefl. The 

^ samples were centrffuged. and the resulting plasma was transfen'ed to polypropylene test tubes and stored on ice for 
the duration of the study. 

At the conckision of the experiment, the animal was anesthetized (isoflurane); the catheters were flushed with 
fresh safne and filled with the gtycerol/heparin mixture: the (ree ends d the catheters were lanoned and placed sub- 
cutaneously as described earlier: and antibioUc was administered (300 mg Keflex®. IM). 
^ Ptasma glucose cohcentratfbns were detamitned the day of the stud^ ushg a glucose oxidase method in a Beck- 
man glucose analyzer. Samples for other assays were stored at -70*C unOI time for analysis. Insulin concentrations 
were determined using a commercial radioimmunoassay kit with porcine insufin as the standard. Gt^-1(7*37) levels 
were determined using a double antibody immunoassay. 

Change In InsuHn was calculated as the difference between the insulin concentratkan at time f and the time-averaged 
50 insulin concentratkwi prior to injection of test substance (baseline). The area under the insulin change curve was cal- 
cuialed using the trapezoidal nils. Glucose infusion rate change was caleulaisd as the difference between the glucose 
infusion rats during time intewal jr and the average glucose bif usion rate during the 30 minutes prior lo Ejection of test 
substance (baseline). The araa under the glucose hfuslon rats change eunra was calculated usvig the trapezoidal 
n;le. Values are Ssted as the mean i the standard error of the mean (SEM). 



b) Eugtycemic Clamp StucSes 

The eugiycamie damp studies were perfomied in a manner Identfcai to the hyperglycemic SC studies with the 
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excapticn that the plasma glucose ccncentratfon was maintained at cr near nom^al basal levels throughout the study. 
To accompOsh this, plasma gluccse concentrations wore deiemuned every 2.5 to five minutes after mjeetion of test 
substance. When the plasma glucose concentration decreased by greater than five mg/dl from preireatment values, 
an exogenous infusion of glucose (aqueous solutten of 50% glucose, w/v) was started through the hdweUrig venous 
catheter to \ry to maintain the pla^na glucose concentration near baselne. Because the venous Sne and its extension 
were fiDed wim heparinized saline and not glucose, there was a significant lag period between the dme that the infusion 
was started and the time that glucose actually entered the dog. For this reason, ghicose concentrations decreased 
below baseGne for a short time after djug treatment. To obtain a more accurate estimata of the amount of glucose 
actually infused into the dogs, an estimate of the volume of dead space was obtained (9X ^f). and the glucose nfusion 
rates were corrected accorcfingly. 

Change in insulin was calculated as the dmerence between the hsultn eoneantnation at time rand the l^e>averaged 
insuBn concenuaUon prior lo injection of test substance (baselinii). The area under the insuFin change curve was cal- 
culated using the tiapezoidaJ rule. V^es are listed as the mean ± the standard error of the mean (SEM). 

c) Oral Glucose Tolerance Tests 

Oml gtueose tolerance tests were performed in a group of tour over-night fasted, male and female beagles weighhg 
1 2-14 kg. Preparation of the animals was identical to that descried above. After placement in the metabolie cage, the 
.animals were allowed a twenty minute rest period before the experiment was begua At the end of this acclimation 
period, a zero sample was drawa* a thirty inch. 24 Ft, njbber colon tube was sf^ped through the esophagus Into the 
stornach of the anirnat; a glucose bolus (1.5 g/kg; 50% gluooee wAf in «vater) fotowed by a 20 ^ 
was injected through the tube into the stomach; and the clock was started. TWo minutes later a subcutaneous bolus 
of test substance (3 nmol/kg or approximately 10 )ig/kg; 1 50 in phosphate buffered safine) was njeeted *n the dorsa) 
aspect or the nedL 

In addition to the zero sample, arterial blood samples (315 ml) were taken al 5. 10, 15. 20. 30, 40, 50, 60, 75. 90. 
105. 120, 135, 150, 165. 160, 1 95, 210. 225 and 240 minutes after administration of glucose. Sanples were collected 
in vacuum blood collection tubes containing disodh^n EDTA and handled as described above. 

Al the eondusion of the experiment, the animal was anesthetized (isoffurane); the catheters were flushed with 
fresh saline and fiDed with the glyeeroVheparin mixture; the free end of the catheters were Iratted and placed subcu- 
taneously as described earfier; and antibiotic was administered (300 mg Keflex^. I.M.). 

£ach of the four dogs was shxlted on three separate occasions: once with subcutaneous admhist/ation phos- 
phate buffered saline, once with GlJ»-1(7-37)OH. and onco with M-lmida2opropionyl(Arg26(N«-OctanoyKlysyl34})} 
GLP-1 (8-37))OH. Experimente in animals being restudled were carried out a minimum of one week apart. The leukocyte 
count and the hennatoerit were determined tho day before all expervnentSL 

The insulin area under the cunre above baseline (zero time insuSn value) was calculated using the trapezoidal 
rule. The glucose area under the eunre above baseline (zaro tine glucose value) was cak:ulated usiig the trapezoidal 
rate. Values are listed as the mean ± the standard error of the mean (SEM). 



Table 2 





Dog LV. Hyperglycemic (150 mg/dl) Clamp Teet 


Compotind 


Deee(p8rtcg) 


n 


Duration of 
Ineulln Effect 
(mln}« 


Max Insulin 
Change 

(ngAnQ^ 


Insulin 
Change AUC 

{ngtmUmin; 
0-60mln)« 


GIR Change 
. AUC (mg/kg; 
0-60 mln)^ 


Vehide 

QLP-1(7-36)NH2 
N- 

onidazopropionyf- 
0LP-1(8-a7)OH 


0 

1.0 
1.0 


7 
7 
3 


not active 
2.5 
7.5 


o.afo.2 

3.4i0.6 
3.1±0.8 


. 7±14 
32tS 
52±18 


238±46 
414±73 

399!±63 


' OuraUofi or bwiUn ertMt Tte *M «Mr wl 








° ua tnsuiln Ciune«c h 


irnxkntmrn inema* in 






Mlpanod. 




^ Imufin Chane* AUC: * 


Mm andir Um hcuGo ehmge 











OIH Cft«ite» AUC; Al— uwdf lh» ^^tcof miumon chmy curvt; np nmmnm th» wftf wfcbofa «»ct cl <i» p>p<ic». 
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Table 2 (condnuad) 



Dog I.V. Hyp«rgiycemre (150 mg/dl) Clamp Test 


Compound 


Dose OiS^O) 


n 


Duration of 


Max InauHn 


Insufin 


GIB Change 








ms uiin errect 


Change 


Change AUC 


AUC (mg/kg; 








(mln)* 




(ng/ml<min; 


0-60 mln)^ 












0^0 m!n)« 






1.0 


3 


1^5 


2.610.6 


3S±16 


419±122 






























(8-37)OH 
















1.0 


3 


15 


3.a±1.0 


50±2 


46atl2 . 


octanoyf-GLP-1 














{7-37)OH 














N- 


1.0 


4 


42.5 


2.ai0.6 


90±4O 


35Q±d3 


imidazopropionyj- 




























ocianoyKaLP-1 














{8-37)OH 
















5.0 


3 


72.5 


3.8±0.2 


132±7 


566±126 


N- 


5.0 


2 


notaetiva 


0.9!t0.9 


14±10 




imidazopropionyt- 














Arg2«.Ly««.N«- 














decanoyl-GLP-1 














{8-37)OH 















* Dufrtioo »f fawtltn gftect Tha iim» 9>»m which th« aynoc ohup* in wmOn wm« oorf itfnUy aO.S n^'^wl 



° Max ImuUn CniKfll Mronum iftcr»«o in ofuiii ovf fa*«<ftw» ob—w^d <<urBi9 130 wimiia tatt pmod, 

tnsuSn Ch»ng» AUC: Ai— undf Itx in«uiia dxnga otirv; mpim— n» Wil htaugwo^opfc •tma ol ft» p«pBdiu 
° OW Cmno« AUC: Af— iindf lh» gfcieo— wteloft f«i» ehmy cwv»; wpiwmnto wtr»l wtifa^lie aitct cf p«p<dt. 



Table 3 



Dog S.C. Hyper glycemie (150 mgMl) Clamp Test 


Compound 


Dose O^g/kg) 


n 


Duration of 


Max InsuHn 


Insulin 


GUR Change 








insulin Effect 


Change 


Change AUC 


AUC (m9<kg; 








(mln)« 


(ngAnO^ 


(ng/mJ-mln; 


0-120 mm)^ 












0-120 min)* 




Vehicle 


0 


5 


not active 


0.4±0.2 


11±20 


528±224 


GLP-1C7^7)OH 


10 


5 


27 


1.6±0.e 


64±33' 


696±145 


N- 


10 


4 


42 


3.6±1.0 


97±39 


9111216 


imidazopropionyl- 














A/g28-GLP-1 














(8-37)OH 














Lys^-N^ 


10 


5 


not active 


a.6±0.3 


291S 


532±112 


octanoyt-GLP-1 














(7-37)OH 














Arg^HysW^^ 


10 


4 


not active 


o.ato.4 


11±2S 


6591182 


octanoyt-OLP*1 














(8-37)08 














* OuraUen el tiintki SriMe Ttm tfm« «Mr wJ 




v«ng« eten9c In Inauln wum ee(i«i»l*n8y 2 0.5 a^AhL 




oiittlnsuUnehiiiete^ 


itenun InerttM in 


vwuBnov 




uring A* 120 nunult m 


m pmod. 




c iMuOn Ctung* AUC: J 






awv; fp*i— nfc if m 




or A*p«ptib». 




" QIR CtlanB« AUC: Ana witftr »• #uce«« li 


itaiaan 


lit dMftga eii«v«; fpm 


Miiti Ow evMll iMtibeGe •&•€( ei 9m p«pM 
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Table 3 (continued) 





Oog 


S.C.H 


ypergryeemte (150 mgM\) Clamp TesI 


Compound 


Ooto Ui9/kg) 


n 


Duration of 
inaulln Effect 


Max ineulln 
Change 
(ng^ml}» 


Ineuiln 
Change AUC 

(ng/mJ*fnin; 
0-120 min)« 


GIR Change 
AUC (mg/kg; 
0-120 min)« 


N- 

imidazopropidnyt- 

octanoyi-6LP*l 
(8-37)OH 


10 


5 


>do 


Z0±0.4 


113t24 


9261268 



□urxliofi of iMUlin EfT«eC TIv* Hrry <7v«r which th» «v«rt9« cAany* in )rmtln w» consistvAay 2 0^ n^tal 



° Mjj tfauiin Changa: M«xtmur» incnxou in iramfin o^m &— ♦Jina 06— iv^ d unng 120 nwul* tMl pawod. 

^ tnauUn ChmB» AUC: A/»« und»f th« rtuSn eh^rty catfv<; Ptpmxna ataJ rfuiino^opie tf>a 0/ »f p«pbd*. ' 
° am Ch»ng» AUC: Af#« tmd»r th» gluco— intuaion nw chany oufv»: /%pfia«nte ovwml mttabo^io »fl»c< of (h« p»p»d>. 

Example 9 

Ra« /ff y/^Asaava 

a) Glucose Toieiance Teeta 

Experimenta ware conducted in ovemight-fastedL conacrous. male Sprague Dawley (Charles HiverJ or Zucker 
Diabetic Fany (Genetic Models, inc.) rats weighing approximately 250 (Sprague Dawtey rata) or 300 (Zucker Diabetic 
Fatty rats) grame. Four to five days prior the study, rais were anesthetized with isoflurane. and a polyethylene (PESO) 
catheter was iriBenBd Into the right jugular vein. The catheter was 9ecurBfi with a wound cl^. filled with saline containing 
heparin (2% sodium heparin), and closed with a 'small stainless steel plug. 

After a sixteen-hour fast, twelve chronically cannulated rats were separated into four groups of three rats per group. 
0.4 ml of blood was taken from the tafl vein, collected into a microlarer tube containing lithium heparin, and immediately 
placed on ice (zero minute sample). A glucose bolus (1.0 g/kg; 50% glucose (w/v) in water) was administered via the 
indwelling |ugutar cannula, and the cannula was rinsed wftn 200 of saline. TWenty seconds later a bolus of test 
substance (100 jiinOO g body weight of either vehicle (safme contain hg 0.3% (w/v) bovine serum albumin) or vehicle 
containfang analog) was adnninlstered through the jugular cannula, and the cannula was rineed as before. Rats were 
bled from the tail again at 2« 5. 10, 20 and 30 minutes after the administration of the glucose bolus, and the samples 
were treated as described above. At the end of the experiment, bkx>d samples were centrlfuged, and the plasma waa 
collected. 

Piasma glucose concentralioros were determined the day of the experiment using a coupled hexokinase pfocedure 
in a clink»l chemistiy analyzer. Plasma for insulin determirtdtions were diluted with zero calbrator and frozen at -20*0 
until time for analysis. Insulin cor^entratichs were determined using a commercial radioimffHirtoaseay kit with rat ineuPn 
as the standard 

InsuSn change (the change in ineuiin from the baseline value) was calciilated as the dtfTerenea between the insuOn 
concentration at time t and the Ineuiin eoneentralion at zero lime. The area under the insulin change' curve was calcu- 
lated usbig the trapezoklal rule. Plasma glucose change (the biereaae in plasma glucose above the basefine value) 
was calculated as the diffarance between the plasma glucose concentration at time t and the plasma gluoose concen- 
tratioA at zero time. The area under the plasma glucose change eunf e was calculated using the trapezoidal rule. Vblues 
are Bsted as the mean ± the standard error of the mean (SEM). 

b) Hyparglyeamie Clanry Studies 

Experiments ware conducted in chronically eatheterized, nomnal. male Sprague Dawfey rats weighing about 350 
grams. At least a week prior to studies, surgery was performed on the rats under isoflurane anesthesia. Two catheters 
were implanted Into the jugular vein for infusions of glucose and peptkle and one catheter Into the carotid artery for 
blood sampling. The catheters were exteriorized through the skin at the vertex of the head, filled with glyceroi/heparin 
solution (3:1 .v/v) and closed ofl wfth a one centimeter stainless steel plug. Animals were housed individually in wire 
mesh cages and allowed free access to starujiard rat chow diet and watet 

Cathetertzed rats were fasted overnight prior to studies. On the morning of the experiment rats were weighed and 
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IS 



20 



sampling tubviQs connected to their indvirelling catheters. The tiibings were endosed in a 6ght weight stainless steel 
spring for protection. During the study, rats were kept unrestrained in a plastic shoe box cage (12' x 10' x 12') with 
about one inch of bedding. After 1 5 mtnutes of acsfimaiion, a basal sample was taken tor measurement of tnsuQn and 
glucose levels. At time •60 minutes. raU were given a bolus of 20% dextrose to raise plasma glucose to 150 mg/dl 
The plasma glucose concentration was maintained at this level tor the duration of the study by measuring the plasma 
giucose concentration every five minutes and adjusting the calibrated varsabie infusion pt;mp accordngly. Blood sam- 
ples were collected at >15 and 0 minutes for baseline measurements. Immodiatefy after taking the zero minute sample, 
peptide (1 30-155 stock concentration, diluted in phosphate buffered saflne) was injected via the jugular vein catheter 
and flushed wtth saline. Blood samples were taken lor glucose and 'muih detemiinations at Z 4. 6, d. 10. 12. 15. 20. 
25. 30. 40. SO'. 60. 70, 80. and 30 minutes. M blood samples were coQected into syringes coated with solium heparin, 
UBnstQnsd into micro cantrffugs tubes and placed on Ice. Blood samples were then centrJuged 'n a micro centrifuge 
to separate the plasma conr^onent. 

Plasma glucose levels were detemiined on the day of the study by the glucose oxidase method usong the Beckman 
Glucose Anafyzer 2. while the insulin concentiaiions were measured by a commercial kit (Otagnostlc Products Corpo* 
ration) with rat hsulin standard. 

Insulin change (the cfuvige in insulin from the baseiine value} was calculated as the difference between the iruurtn 
concentration al time t and the average insuSn concentration prior to injection of test substance. The area under the 
insulin change curve was calculated using the trapezoidal rule. Glucose infusion rate change (the percent change m 
the glucose infusion rate from the base&ne value) was calculated as the differsnce between the glucose infusion rate 
value at time t and the average giucose infusion rate prior to injection of test substance, divided by the average glucose 
infusion rate prior to injection of test substance, times 100. The area under the glucose infusion rate change cun^e was 
calculated on the absohjle glucose infusion rate cfiange values (calculated as the ditfererKe between the glucose 
infusion rate value al time t end the glucose infusion rate prior to injection of test substariee) using the trapezoidal njte. 
Values are Hstad as the mean ± the standard error of the mean (SEM). 

Table 4 





Ret IV Glucose (1 g/kg) Tolerence Test 






Compound 


Dose (mg/kg) 


n 


Ineulin Change 


Max Insulin 


Insulin Change at 








AUC ng^mt«mln; 


Change (ng/ml)^ 


10 mln (ng/ml)* 










0»15mtn« 








Vehfcle* 


0 


196 


33±1 


Z910.1 


2^.1 




GtJ»-1(7-36)NHa 


0.2 


5 


34±4 


4.010.8 


i.aio.5 






0.3 


4 


50±13 


6.110.7 


2.211.2 


3S 




0.4 


5 


7at14 


7.711.0 


3.811.0 






0.6 


6 


67±11 


7.711.2 


3.410.9 






0.8 


3 


97±2S 


11.312.8 


4.111.8 






1.0 


8 


ag±i6 


11.412.3 


3.910.7 


40 




2.0 


5 


106±11 


.11.7*1.3 


4.910.7 




G»J»-l(7-37)OH 


0.6 


3 


79±9 


7.8±i.1 


5.411.2 






0.92 


2 


75±12 


8.410.2 


3.511.2 






1.2 


3 


77*17 


8.411.6 


. 4^1.3 


45 


N-imidazoacetyt- 


0.05 


3 


4915 


4.910.9 


2.^.2 


GLP-1(8-36}NH2 ' 
















0.15 


3 


5516 


5.9±1.4 


2.810.1 






0.3 


3 


98129 


10.512.3 


5.511.4 






0.8 


3 


.10514 


13.010.4 


4.810.1 


SO 




0.92 


3 


95111 


1Z011.2 


4.O10.5 




1.2 


2 


11716 


ia7l0.5 


6.010.4 



» If^ufin Chmtg9 AUC: Thm under 'mmSn dttny atrv: • mpftogmtion of ft» tenl innEiwtropie uMtf ol »• p^fiiiOm. 



B Max (itMUln Chsn^ci tfi* maxfawn bem*** in iruufin bAa«Qn* (mu^ Iv« 


miniftaa pea*«^ae#aii) 


^ IrmuBn Chan^ al 10 laliUTha changa in mauGn ^om baaaCna eMaaurad 10 mkiui 
lha max Inauin tfkM9a (M a pafcanQ. 8ia bf^r Sia tfma aetiaa of tha analoe. 


•0 peal'if^eiiofl. In ae««« analo9a. fta elaeaf Sita vahia *o 10 
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Table 4 (continued) 





Rat (V G 


tucoM (1 g/kg) Tolerane* TmI 


Compound 


Oose (ntg/kg) 


n 


Intulin ChanQQ 


Max InftuHn 


Inaiilln ^kanM^ a# 
Hiauiin wnanyO Bl 








AUC n0/inl*iTiln; 


^^•^m%^W III ^^11 II J 


10 min /n#i/ml\e 
iw min \nQf7Tllj^ 








0-15 min' 




N-tmidazoacetyt> 


1-2 


2 


85±13 


Q e 




Ar92«.GlP-1 












(8-37)OH 














2.4 


3 


170±16 


16.5±3.9 


a.BTitf .O 


N- 


0.1 


3 


70±4 




d.2s9.0 


imidazopropionyl- 












GLP-1(8-37)OH 














0 2 


9 










n A 


0 




7./I1.0 


4.810.7 




0.8 


6 


121±16 


13.3±1.8 


7.511.1 




1.0 


4 


98±11 


12.4±1.6 


5.410.4 




2.0 


4 


127124 


16.1±3.0 


5.911.1 


N- 


0.6 


2 


114d13 


11.8±2.1 




imidazopropionyl- 
























(e-37}OH 














0.92 


3 


65t7 


9.2±1.B 


5.510.9 




1.2 


6 


127±13 


12.911.8 


8.211.1 




0.6 


3 


33±8 


5.01Z3 


1.310.2 


octanoy!-GtP*l 












(7.37)OH 














1.2 * 


3 


136±30 


iai±2.o. 


10.012.8 


N- 


1.2 


6 


• 100±16 


8.S±1.7 


8.at1.5 


imidazopropionyl- 
























octanoyl-GLP-1 












{8-37)OH 














1.6 


3 


6C±11 


5.9±1.6 


4.310.7 




2.4 


3 


128±22 


12.912.5 


10.111.6 



■ liwutln CMno* AUC: Th« ama « 


mdar Sw haviin ehang* eutva; a faprt— ntafaw of Bi 


« totaj lna«fno%«pie aciMly ol tia paptida. 


" Mai Irwutin Ch»nQ«: 7H« maxim 


tm Incnaaa bi iiMuSn ovarbaaaAna (ttaualV Iva Rw 


■naa potf h^artow) 


B Insulin Gtiwn9% A 10 raiivTh* c« 
tha m hflMlfi cliaiiga (M a pvetf 


langa in inaulin tram banfina mauywtf lOmasalta 
kl).«MlBn9artlia limaaetioneflh* analog. 


poat^ofaa. in aeiva anaioga. tfM eloaar tua valua la lo 



Tabio5 



' Rat ).V. Hyp«rg)ye«fnle (150 mg/dl) Clamp Test 


Compound 


DoM(^g/kg) 


n 


Duration of 


Max tnaulin 


Inaurin 


GJR Changa 








InaullnEffoel 


Changa 


Changa AUC 


AUC (mg/kg; 








(min)* 


(ng/ml)^ 


(ng/ml^mfn; 


0-30mln}d 












. 0.15mln)« 




Vthfelo 


0 


4 


not active 


0110.1 


0.511,7 


39^10 


GLP-1(7-37JOH 


0.05 


4 


6 


1.610.3 


3.011.6 


48122 




0.1 


4 


6 


3.G11.2 


7.312.8 


150125 



» Duration ol Inautlw etlact TVaa ovar whteti 8^ aymga changa in Inataa waa > 0 ftQ/rtT 



° Wax Inaulin Changa; Maadnaira hwraaaa in inaufia avar faaaafea during lha 90 Humrta taal pa/tod. 

^ Inauan Changa AUC: A/aa widar tha insufin changa cwva: lapra aanb gta totaJ ha«flna»o»te tfad tha paptida. 

" am Changa AUC; Afaa gndar tha flfcicDaa wluion fa>a chaoga myVg^mm) wiiva: r^praaana l>a o»aml maafcofcc afact of iha papSda 

Continualion of tha Table on the next page 
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Tables (continued) 



Rat I.V. Hyperglyemie (150 mg/dl) Clamp Test 





Compound 


Dosa (ua/kg) 


n 


Duration of 


Max Insulin 


insulin 


GIR Changa 


s 








Insulin Effect 
(min)* 


Changa 

{ngfmtfi 


Change AUG 

(ng^tmin; 
0-15 mtn)^ 


AUC (mg/kg^ 
0-30 mln}^ 






n 5 


•a 
J 


c 

w 


£,fXB*. 1 




154x10 


10 






4 


0 


4.3x1.9 


• 14.At2.9 


151±46 




1.0 


5 


6 


7.7db0.8 


1€.7±4.0 


131129 






2.0 


4 


6 


3.6±0.9 


11.5±1.0 


152138 






4.0 


4 


40 


2.010.4 


10.415.0 


139127 






1.0 


5 


15 


6.6cfc2.2 


25.613.6 


324±45 


IS 


imidazopropionyl* 
(8«37)OH 


















1.0 


4 


4 


2.4i0.a 


ia2t2.5 


132138 




octanoyl-GLP-1 














20 


(7»37)OH 
















N- 


1.0 


5 


5 


1.^,2 


7.612.5 


183±38 




imidd20pf^iony^ 
































QctanovlaG LP* 1 














25 


{8-37)OH 


















0.05 


4 


30 


0.7±0.2 


6.3t1.4 






















(7-37)OH 


















1.0 


4 


20 


5.2ti.a 


35.5±10.9 


294125 


20 




2.0 


5 


10 


3.8±0.9 


32.S±10.4 


245±58 






4.0 


5 


20 


4.7±0.8 


35.714.8 


274±71 




N- 


0.05 


4 


8 


a.5±0.2 


a3±1.4 


124±34 




imidazoproptonyl- 






























2S 


octanoyf-GLP-1 
(8-37)OH 


















1.0 


5 


30 


4.2t1.3 


26.517.8 


2ie±41 






2.0 


4 


60 




45.4±15.5 


351±66 


40 




4.0 


4 


40 


6.013.0 


45.5±ia6 


360±40 




N- 


1.0 


4 


15 


0.ei0.1 


4.512.0 


83117 




Imidazopropionyt- 
































decanoyhGLP-1 














4S 


(8-37)OH 















>0i 




wttieh ^ av^ivga ohang* in irmUn w«a > 0 As/mL 




"in: 


n Insulin Chang*: Maxinujra mcr^ 


Hw in imuttn ov«r bM*Jin* Amng fw 90 fnimil* test pvned. 






nifln Changs AUC: ATM Midar th* 


ravfin ehJWQe ewv«: tvpraom* 0m toMi naufnoftopie of Sl« p«ptid«. 






ER Cliana* AUC: Arm iMdaf »• ^ 


isoM infuaien ml* efiong* fn fflgpKg^fnin) curv«: rtpiMwit* 9i» om«iuB iMtiboSc ** 


Kt el 0i* p«ptid» 



50 



55 
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SSQUENCfi LISTING 



IS 



il) GENERAL I^fFOR«ATIO^^: 

ii) APPLICANT;' £LZ LILLY AND COKPANY 

iCJ CITT: Indianapolis 
(D) STATE: Indiana 



Cofl^aitiona, and Kecheds o£ Qsm 

(ill) NUMBER OF SEQUENCES: 1 

(iv) CORRESPONDEITCE ADDRESS- 

(A) ADDRESSEE: JC. G. Tapping 

(B) STREET; Erl Wood Hanor 
iC) CITY: Wiftdl«shaa 

lOi STATE: Surrey 

(B) COUNTRY: Unitad Xingdosi 

(F) ZIP: CU20 6?H 

(V) COMPUTER READABLE FORK: 

(A) MEDIUM TYPE: FlpppV disk 

(B) COMPUTER: Maciacosh 

m! c«S!2!5?® «»cinC05h 7.0 

(O) SOFTWARE: Microaoft Word 5.1 

(2) INTORMATION FOR SEQ ID NO:l: 

ii) SEQUENCE CHARACTERISTICS: 

(A) LEHGTH: 39 anino acids 

(B) TYPE; amino acid 
(D; TOPOLOGY: linaar 

(ii) MOLECULE TYPE: pepttda 

(ill) HYP0T8BTICAL: NO 

(iv) ANTI-SENSE: NO 



SS 



19 



09:34:48 



EP 0 708 179 A2 



10 



(ix) FEATORfi: 

(A) NAME/KEY; Procein 
(8» LOCATION: <1 



/not«« *D«s-aBuno histidine- 



(ix) FEATURE: 

(A) NAHE/KEY: Protein 

(B) LOCATION: 19 

(0) OTHER INFORMATION: /l^X. aUen^te 
/noce» 'XaaaLysine or Arginine- 
(ix) FEATURE: 

(AJ NAME/KEY: Protein 
« <8) LOCATION: 27 

^""^ ""^JI!^??^''^?''^ deviation 

^ (ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 29 

/note- N-eennimis i, nh3 or glyclne-OH.- 
» (xi) SEQUENCE DESCRIPTION: SEQ ID NO.l; 



Al. Clu Cly rtr Phe Thr Ser A.p v.l s.r Ser Tyr teu Olu Cly cla 

10 ^5 
Ala Ala Xaa Glu Phe He Ala Trp Leu V.l tys Cly Arg 
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so 



1. A compound of the /onmula: 

R^-Ala-Glu-Gly-Thr-Phe-'nur-Ser-Asp.Val-Ser-Ser- 

Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Xaa-Glu-Phe-Ile- 
Ala-Trp-teu-Val-Lya -Gly-Arg-Rl 

R' 

or a phamweeuteJly acceptable sail thereof wh«r.inBt I. , '^"""ula D 

H* B eelactad from the qtoud awtfti«tb«A ^ <I / 

a. T^«««poor««orciafcn2whor«lr,fi«i,ab$ent 

4. '^^^^O.^^^^^^-.^n^^^^^^ 
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5. TTis compound of Claim 4 wherein is absent 

6. The compound of Claim 1 wherein fl' is 4.iTOda»«,a dimethy»-acetyl and is C^ unbranched acyL 
s 7. The compound of Claim 6 wherein is absent 

& A pharmac8U!tcal fomnutalion comprising as an active ingredient a compound of Formula 1 . or a phaimaceutlcaliy 
acceptable saft thoreo!. as claimed in any one ol Claims 1 to 7. associated with one or more pharmaceutically 

acceptable carriers therefor. 

TO 

9. A compound ol Formula 1. as claimed in any one of Claims 1 to 7. for use in treating diabetes. 

10. A process for preparing a compound of Fonnula 1. as claimed bi any one of Claims 1 to 7, which comprises: 

t5 preparng a suitable protein backbone of Fomiula 1 either by synthetic or recombinant means; 

coupling said protein backbone to a carboxyOc add derivative ot an R* compound; and optionally, 
acylating the epsilon amino group of Lys(27). 
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